TDC1004 


Analog Output, Digital Correlator 
64-bit 


The TRW TDC1004 is a 64-bit digital correlator with a current Features 


source analog output. The device consists of three 64-bit, | 
independently—clacked shift registers capable of a shift speed  ° 'OMHz Correlator Speed 


of 15MHz and a parallel correlation rate of 10MHz. © TOMHz Shift Speed (Static Shift Registers) 
© Current Output ) 

e Mask Register 

e TTL Compatible 


Correlation takes place when two binary words are serially 
shifted into the A and B registers. The two words are 
continually compared, bit for bit by exclusive-NOR (XNOR) 


circuits. Each XNOR circuit controls a current source. The e Available In 16 Lead Ceramic DIP 
Current output of each current source is then summed to e Radiation Hard 
produce the correlation current that is proportional to the © 700mW Power Consumption 
degree of correlation. 

. te ee oe . Applications © 
The third 64-bit shift register (M register) is provided to allow | 
the user to mask or selectively choose “no compare” bit e |mage Comparison/Recognition 
positions. @ Bit/Word Synchronization 


e Key Word Detection 
e Error Correction Coding 
® Radar And Sonar 


Functional Block Diagram 


CLK A 


An 


CLK M 
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Functional Block Diagram 
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Pin Assignments 


16 Lead DIP - J9 Package 


Functional Description 


General Information 


The TDC1004 has three 64-bit long shift registers: A,B and M. outputs of the AND gates are used to turn on one of the 64 
Shift registers A and B are bit-by-bit XNORed (gate provides © equally weighted current sources whose outputs are summed 
a true output if the two inputs are the same). The 64 results to provide the analog correlation output. 

are then bit—by-bit ANDed with the M register. Each of the 
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TOC1004 ry 


Reference 


The TDC1004 provides an output current of: By adjustment of Iperf as described in the calibration 
| Shae | procedure, the mean bit current variation can be zeroed. IpFF 
OUT *NBIT * 1002 is a current input. The voltage at this pin may vary from 


where IpiT is the individual bit output current, N is the device to device due to input impedance variations. 
number of correlating bits and I¢gz 's the offset current. 


Correlation Output 


The output of the TDC1004 is a current source at pin 2. The the voltage at the output pin be kept 1.5V to 2.5V above Vpp 
Output stage consists of the collector of an NPN transistor to avoid saturation of this output transistor. Vpp should be set 
whose base is connected to Vpp; it is therefore critical that to a voltage level of Vcc + 1V + O.SVDC. 


Analog Output 300 to 3028 piA 
Base Bias Voltage 6V 


The TDC1004 operates from a +5.0V supply. A bias voltage of — this supply, a separate supply is not necessary and the Vpp 
+6.0V is also required. Since less than 100A are drawn can be provided by the circuit shown in Figure 6. 


J9 Package 


Power 


Supply Voltage 
Secondary Supply Voltage 
Electrical Ground 


Clocks 

CLK A, Clock input pins for the A, M, and B registers, 
CLK M, respectively. Each register may be independently 
CLK B clocked. 


J9 Package 


Pin 14 
Pin 13 


A Register Clock 
M Register Clock 
B Register Clock 


CLK M 


Data Inputs 


MIN Input to the M register. Allows the user to An, Bin Input to the A and B 64-bit serial shift 
choose “no compare” bit positions. A “0” in any registers. 
bit location will result in a no-compare state 
for that location. 


J9 Package 
Pin 10 


Mask Register Input 
Shift Register Input 
Shift Register Input 
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Data Outputs 

Bout. Outputs of the three 64-bit serial shift registers: 
AgutT. - B, A, and M, respectively. 

Mout 


H Bb smd FD MY. .4 2 
Shift Register BC 


Shift Register A Output 
Shift Register M Output 


No Connects 


There are two leads labeled no connect (NC), which have no 
connections to the chip. These leads may be connected to 
ground for increased noise reduction. 


None [Felon |e |— Peha 


Figure 1. Timing Diagram 
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Figure 2. Analog Output Test Load 
8.0V 


Figure 3. Analog Output Equivalent Circuit 


ANALOG OUTPUT 


| ca 
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VBB 
4KQ (SINGLE BIT TEST) 
86.62 (FULL SCALE TEST) 


TO OUTPUT PIN 


artew 


Absolute maximum ratings (beyond which the device will be damaged) | 


SDUSER LY: WOOTCEDE ss cisadzvtvnbuzscaneeduseaeSpepsangusnvsnaaiosd@u ig suocanSvd cones ibn ocpeonsan cats nas FAbvdappnxtedinnienaswve8vaneopgav4Guduagydudinbaddsvasnlspauataiya aaah eat aatias jparghadenguesnsauivubatalin 0.5 to +7.0V 
Current Source 

PReTed QING Sica Uap avsnwarnccaantarsaneath otto sustan etisalat nosey liaateiapealtoy ip ace fdas etalon ea NCAT 5.0 mA 
Input Voltage 

Data ard ClOCK seessssssssssestssrsessesnsssssossstesistsiosinivaessvstssessesssesesssnsessnisstssscststsiontnestestsivstsintesisiasinsssustgstniessrsesstesosinatsnts 0,0 to 5.5V 
Output Voltage | 

Digital outputs, Aguyp, Boyt, Mout sssstsssssssssstssssssssnmstcsssstsssesttsusasesnsseesecsssvsesseesnsesscsesuateseneaiestrstnstnsneensne 0.0 to 6.6V 

PANU G): OURO Gig je saat acnsvaviatseasnataeanaatetauamaueataioiniasilittvaenaaaain inlay naa ode atta qananiin Vpp to 8.5V 

PAivelie WOM MC 8 acon ssc sessed tsee acces nase as Be arteoce tas ascorbic con Facaten asbeNi ARK -0.5 to 5.5V2 

Applied curvernt:- extermalliy Mt Gee sacisscssiniisacssivsuancsvicustoussstuavanstasaajauuiiiopcietnnsehavsaybionayaoonvaseedusadivgh auia opagcieniondoqhvvenagecihiead stunnihsiiawibuigadnvneigie ~1.0 to 6.0mA%4 

Short—circuit duration (single output in HIGH state to QrOUrdl) esssessssutssssassseasvvesessststssisssntssssestssusssssetssesttensnsiases 1 sec 
Temperature : 

Operating, MBB sccsccissieissiusideatiicnasaitan gi aiiiaiadnaiiaiuininnilaeds jst kssgusui aaah iuaaatdaduaasateiTu angered vtastigntdedbandy aineds ovasbeauaranUlinaivTe -§5 to + 150°C 

JUG CUPL siassstasastctech eisai ound vevaseniuau hina acai chip unitaaneabva cnn hnaatbage diana ctnuailaeanGNbE + 176°C 

HGvEICG, SOIC): CLO SECA AAS: ies taaetev taunts nina arya idea ria uu duaipa dieu able ade us @ NSN Rok eal bads Gg eLd Dlg boTe Ngo TebaSbA Mand caghasoeb tones +300°C 

ROM EDF ENE Gs casssuizaaiat casas centec insane une casts tueseaatu cali slo icacbn Sista snatG avid afbea a apehcarenstelpdadoaa iesthdinitaancntiatoaneanrtueen shvastvinievanibionse -85 to + 150°C 
Notes: 


1, Absolute maximum ratings are limiting values applied individually while all other ‘parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 


2, Applied voltage must be current limited to specified range. 
3. Forcing voltage must be limited to specified range. 
4, Current is specified as conventional current flowing into the device. 


Operating conditions 


Temperature Range ? 


Parameter Min [ON aT v ex | OM in } | A jom | | OM x Units 
Icorg ‘Full-Scale Analog Output Current 2 Tr ee mA 
i 
in__ to Vto oe ———— 
TT a a 
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Electrical characteristics within specified operating conditions ' 


Temperature Range 


Extended 


Parameter Test Conditions 


Supply Current 130 


1Vppi Secondary Suppiy Current 100 


Vo, Output Voltage, Logic LOW Vcc = MIN, Igy = 4.0mA 
Voy Output Voltage, Logic HIGH | Vcc = MIN, Igy = -0.4mA 


= 

ae 

ae 

NW Input Current, Logic LOW Vec = MAX, Vy = 0.4V Clock | | 
Data [1 

eu 

— 

ce 


C 


hy Input Current, Logic HIGH Vcc = MAX, Vin = 2.4V Clock 
Data 


~ Ieoz Zero Correlation Analog Output (Offset) 


1. Test conditions: Vee. Vpp. Inge = NOM, measured under DC conditions. 


37 


t 


2. After calibration to I¢ggs (Full-Scale Analog Output Current). 


Switching characteristics within specified operating conditions 


Temperature, Range 
Standard Extended 


Parameter Test Conditions 


teg Analog Output Delay See Figure 2 
to Digital Propagation Delay See Figure 1 / 
Fo, — Maximum Clock Frequency ___ Analog output 


Digital outputs 
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Units 


ns 
ns 

MHz 
MHz 


»- 


Y0C1004 


7 IX 


Application Notes 
The TDC1004 is a 64-bit digital correlator with current source 
analog output. The device performs a bit—for—bit exclusive-OR 
correlation. In a mathematical sense the TDC1004 performs a 
convolution on 1-bit words which can be expressed in the 
general form: 
N | 

yk} = 2% kin) @ xin — k) Love 1 a] 

n=l Logical 0 = -1 


ao a] 


It 


In some applications it may be useful to utilize the output 
Current to generate a voltage source for threshold triggering. 
When converting the output to a voltage, insure that the 
voltage at the output pin remains above Vpp in order to avoid 
saturation of the output transistor. It is recommended that the 
voltage at Coy be in the range of 7.5V to 8.5V for a 6.0V 
Vag. Two methods for achieving this are shown below: 


Figure 4. 


Cout Vout 


Figure 5. 


Court 
Vout 


Vu! 


Note: 1. 7.5V< Vy <8.5V 
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Vpp may be provided by the circuit shown below: 
Figure 6. 


+B8V TO +18V 


Ves 


BASE BIAS VOLTAGE Vpp 
Voc 


We 
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Calibration 

The TOC1004 requires two supplies (VgR and Vcc) and a  =—_ separately over the temperature range; thus, by using the 
reference current source (Incr) for proper operation. The following procedure, IR¢F can be adjusted to yield a 
voltage at the Incr pin will vary from part to part due to Statistically zero mean input current variation. 


differences in input impedance; hence, the source will be 
specified as a current source. The analog output current will 

be directly proportional to Ine; therefore it is necessary to 1) Set Vag at Vcc + i + O8V 
scale Ine to minimize output error due to variations. 2) Set Incr to 320uA 


3) Measure Icgz (zero correlation analog output current) 
The total output current (Icgy) is equal to the number of . 
correlation bits (N) times the individual bit currents 4) Measure IcQgs (full scale correlation analog output! 


(Iai = 404A + 3yA) plus the offset current 6) Reset IReF to: 
(Icoz = 320A + 20yA). 


Calibrate Incr as follows: 


. 2.56mA 
7 New Ipef = —————-—— x Old Iper 
Therefore, the total output current can be expressed as: lcorS-lcoz) 
Icon = N x Ipit + Icoz “This procedure may be done iteratively by taking the new 
As noted in the electrical characteristics, Ipjt and Icgz vary IREF and repeating steps 3 through 6. 
Ordering Information 
Temperature Range Screening Package Package 
| : Marking 
TDC10048C STD-Ty = 0°C to 70°C Commercial 16 Lead DIP 100486 
TOC1004J96 STD-Tph = O°C to 70°C Commercial with Burn-in 18 Lead DIP 1004/86 
TDC1004J9F EXT-Tr = -85°C to 125°C Commercial 18 Lead DIP 1004J9F 
TOC 100494 EXT-Tc = -55°C to 125°C MIL-STD-883 16 Lead DIP 1004J8A 
TOC1004J9N EXT-Tr = -85°C to 126°C Commercial with Burn-in 18 Lead DIP 1004J8N 


TRW reserves the right to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or 
others. 
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